1-Aryl-2-thienyl-substituted pyrroles and/or 5-arylamino-2,2¢-bithiophenes were synthesized by treatment of arylaminothieno-oxobutanamides with Lawesson's reagent. These in turn were prepared by direct amidation of 4-oxo-(2-thienyl)butanoic acid through DCC-BtOH mediated reactions.
Thiophene and pyrrole moieties play important roles in natural product chemistry, 1,2 non-linear optics (NLO), 3, 4 and supramolecular chemistry. 5 The development of new methods of synthesis of these heterocycles is therefore important. 2-Aryl-and 2-heteroaryl-substituted pyrroles are also of great interest to the pharmaceutical industry, for instance, as precursors in the synthesis of chemotherapeutics. 1, 6, 7 Some of these molecules, in particular the thienylpyrroles, have served as prospective monomers for non-linear optical materials and organic conductive polymers. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The latter combine high electrical conductivity, with thermal and environmental stability. The synthesis of thienylpyrroles containing substituents at the nitrogen atom attracts considerable attention because the substitution makes it possible to modify the properties of polymers, including the synthesis of chiral conducting polymeric materials with better properties for NLO. These new systems are expected to show some advantageous features: i) the aryl group is perpendicular to the p-system such that the coplanarity is affected to a lesser extent and causes a bathochromic shift in its UV-vis absorption spectrum; ii) the perpendicular aryl group prevents the stacking of the psystem and as a result increases its solubility; iii) various aryl groups can be employed in order to modify the physical properties of 1-aryl-2-(2¢-thienyl)pyrroles. 8, 10, 18, 19 A common approach to the synthesis of both thiophene and pyrrole groups involves the use of 1,4-dicarbonyl compounds. In the thiophene case, the 1,4-dicarbonyl compound is reacted with a source of sulfur, usually H 2 S and HCl, phosphorus(V) sulfide or Lawesson's reagent (LR). [20] [21] [22] [23] [24] [25] Similarly, pyrroles have traditionally been pre-pared via the condensation of 1,4-dicarbonyl compounds with ammonia or primary amines, [11] [12] [13] [14] [15] [16] a reaction known as the Paal-Knorr synthesis. 26 Due to their numerous potential applications, there is a continuous interest in the development of versatile synthetic routes.
We have previously reported an efficient method for the synthesis of N,N-dialkyl-4-(2¢-thienyl)-4-oxobutanamides by direct amidation of 4-oxo-(2-thienyl)butanoic acid through a DCC-1-hydroxybenzotriazole (BtOH) mediated reaction. 27 We applied this approach to the synthesis of aryl-4-(2¢-thienyl)-4-oxobutanamides, which embody several different substituents [donating substituents (F, Cl, Br, I, CH 3 , OH, OMe) or withdrawing substituents (CO 2 Me, CN, NO 2 )]; thus extending our early work. As part of our continuing interest in non-linear optical materials [27] [28] [29] [30] and in order to obtain new compounds as precursors with potential application in NLO in this paper we describe the synthesis and the reactivity studies of aryl-4-(2¢-thienyl)-4-oxobutanamides with the Lawesson's reagent. In our study, instead of the expected 5-arylamino-2,2¢-bithiophenes, we obtained 1-aryl-2-(2¢thienyl)pyrroles or a mixture of 1-aryl-2-(2¢-thienyl)pyrroles and 5-arylamino-2,2¢-bithiophenes. The conjugated 1-aryl-2-(2¢-thienyl)pyrroles and 5-arylamino-2,2¢-bithiophenes, as strong p-electron donor moieties, could be used as precursors in the preparation of compounds with potential application in NLO. [11] [12] [13] [14] [15] 27 This method is interesting because the experimental procedures described use mild reaction conditions and simple work-up procedures allow the preparation of these derivatives in moderate to good yields.
Starting from succinic anhydride, we prepared the 3-carbomethoxypropionyl chloride which on Friedel-Crafts reaction with thiophene afforded the methyl 4-(2-thienyl)-4-oxobutanoate. Hydrolysis of the g-keto ester gave 4oxo-(2-thienyl)butanoic acid. 27, 31, 32 Transformation of 4oxo-(2-thienyl)butanoic acid to the aryl-4-(2¢-thienyl)-4oxobutanamides 1a-v was carried out by direct amidation of the acid with several commercial arylamines through DCC-BtOH mediated reaction (Scheme 1). No secondary products were detected and the yields were fair to good, depending on the nucleophilicity of the aryl amine (Table 1) . A broad correlation could be observed between reaction yields on the synthesis of amides 1 and the chem-PAPER Synthesis 2005, No. 2, 199-210 © Thieme Stuttgart · New York ical shift of the nitrogen protons of the starting arylamines; in fact, from the data in Table 1 one may infer that an increase in the chemical shift of the NH 2 protons results in a decrease in the basic character of the aryl amine and lower yields are obtained for the corresponding aryl-4-(2¢thienyl)-4-oxobutanamides 1a-v. The different effect of substituents in the anilines used is noteworthy (20-73%). As expected the amides 1d-e and 1j (Table 1 , entries 4, 5 and 10) obtained from the anilines with electron-donating groups in ortho or/and in para position (d = 3.99-4.64 ppm) were synthesized in better yields: 62-73%. The amides 1t-v (Table 1 , entries 19-21) obtained from anilines with electron-withdrawing groups in meta or para position (d H = 5.34-5.63 ppm) were synthesized in fair yields: 24-35%. 1-Naphthylamine (d H = 5.23 ppm) was even less reactive than the other arylamines giving only 20% of amide 1b (Table 1, entry 2). Aryl amides 1b, 1n-o, 1q-r, 1t-v, were obtained in lower yields even after seven days of reaction time. It was possible to detect, by TLC, some unreacted 4-oxo-(2-thienyl)butanoic acid and arylamine starting material.
Scheme 1
We also examined the effect of reaction time on the synthesis of aryl-4-(2¢-thienyl)-4-oxobutanamides 1a-v. As expected a longer reaction time was necessary for the synthesis of aryl-4-(2¢-thienyl)-4-oxobutanamides 1a-v (7 d) compared to the analogous reaction to obtain N,N-dialkyl-4-(2¢-thienyl)-4-oxobutanamides (1 d). 27 In the case of aryl-4-(2¢-thienyl)-4-oxobutanamides 1j and 1r the yields improved markedly when the reaction time increased from one day to seven days (1j, 14-73%), (1r, 8-26%).
The reaction of aryl-4-(2¢-thienyl)-4-oxobutanamides 1 with an equimolar amount of LR in toluene at reflux temperature for 15-30 minutes yielded 1-aryl-2-(2¢-thienyl)pyrroles 2 and/or 5-arylamino-2,2´-bithiophenes 3 (Scheme 2, Table 2 ).
Attempts to convert the aryl-4-(2¢-thienyl)-4-oxobutanamides 1a-v into the corresponding 5-arylamino-2,2¢bithiophenes 3 gave only thienylpyrroles 2 (3-55%), ( Table 2 , entries 2 and 6-8) or a mixture of thienylpyrroles 2 (16-58%) and bithiophene derivatives 3 ( Table 2 , entries 1, 3-5, 9-11, 14, 16, 17, 19-21) in low yields (7-32%), with pyrroles being the major compounds ( Table 2 , Scheme 2). Bithiophene derivatives 3m, 3n, 3p and 3s were obtained as major compounds (21-55%) only in the case of treatment of 2-or 3-haloaryl-4-(2´-thienyl)-4-oxobutanamides 1m, 1n, 1p and 1s with LR under the same experimental conditions as described above ( Table 2 , entries 12, 13, 15 and 18).
Treatment of 2¢¢-hydroxyphenyl-4-(2¢-thienyl)-4-oxobutanamide (1h) with LR under the same experimental conditions gave a complex mixture with several products (TLC). After purification by flash chromatography, it was only possible to isolate and identify traces (3%) of pyrrole 2h. The very low yield of pyrrole 2h was probably due to the formation of the corresponding phosphorous-containing heterocycle. 22, 25 The moderate total yields obtained for compounds 2 + 3 from the reaction of the corresponding arylamides under Lawesson's conditions may be explained by two factors: decomposition of the aryl amides during the refluxing time and problems in the isolation by flash chromatography of these compounds, particulary for pyrroles 2 and bithiophenes 3 obtained from aryl amides substituted in position 2, due to the similar polarity of the final products. The yield of 1-(4¢¢-fluorophenyl)-2-(2¢-thienyl)pyrrole (2l) dropped from 58-26% [and no 5-(4¢¢-fluoroanilino)-2,2¢-bithiophene (3l) was isolated], when 0.5 equivalents of LR was used in this reaction.
Reflux of 4-methoxyphenyl-4-(2¢-thienyl)-4-oxobutanamide (1d) in toluene for 9 hours without LR, resulted in recovery of unchanged amide 1d.
A plausible mechanism for the formation of five-membered heterocycles pyrroles and/or thiophenes from secondary amides has already been proposed. 33 In summary, the synthesis of 1-aryl-2-(2¢-thienyl)pyrroles The thienylpyrroles 2 and the 5-arylamino-2,2¢bithiophenes 3 described above could find application as precursors for non-linear optic materials. 1 H NMR and 13 C NMR spectra were obtained on a Varian Unity Plus Spectrometer at 300 MHz and 75.4 MHz, respectively, using the solvent peak as internal reference. The solvents are indicated in parenthesis before the chemical shift values (d relative to TMS). Melting points were determined on a Gallenkamp apparatus and are uncorrected. IR spectra were recorded on a Perkin Elmer 1600 FTIR spectrophotometer. EI mass spectra EI (70 eV) and HRMS were run on a Unicam GC-MS 120. Elemental analysis was carried out on a Leco CHNS-932. Column chromatography was performed on Merck silica gel 60 (Art 9385). Petroleum ether (PE) refers to the fraction with boiling point range of 40-60 °C.
The phenyl amines were purchased from Aldrich and Merck and were used as received. The synthesis of amides 1d,e has been described elsewhere. 27 Compounds 1-3 were completely characterized by elemental analysis and/or HRMS, 1 H and 13 C spectroscopy and IR spectroscopy.
Synthesis of Amides 1a-c and 1f-v;
General procedure DCC-BtOH-CH 2 Cl 2 Method: 27 1,3-Dicyclohexylcarbodiimide (DCC) (1.50 g, 7.10 mmol) and 1-hydroxybenzotriazole (BtOH) (1.10 g, 7.10 mmol) were added to a stirred solution of 4-oxo-(2thienyl)butanoic acid (1.00 g, 5.40 mmol) in CH 2 Cl 2 (30 mL) at 0°C . The mixture was stirred for 30 min at r.t. after which the amine (5.40 mmol) was added and the mixture was stirred during 7 d. The by-product formed, dicyclohexylurea (DCU), was separated by filtration affording a pale brown solution. This organic solution was extracted with a solution of citric acid (5%) (3 × 25 mL), a solution of NaHCO 3 (5%) (3 × 25 mL), dried (MgSO 4 ) and evaporated to give an oily brown residue. Flash chromatography on silica gel with increasing amounts of Et 2 O in PE as eluent gave the pure amides 1a-c and 1f-v. 
Phenyl-4-(2¢-thienyl)-4-oxobutanamide (1a)

1-Naphthyl-4-(2¢-thienyl)-4-oxobutanamide (1b)
Pale gray solid (yield: 20%); mp 164. 9 
2-Methoxyphenyl-4-(2¢-thienyl)-4-oxobutanamide (1c)
Beige solid (yield: 46%); mp 106.3-108.0 °C. Recrystallization from EtOH-PE (1:1) gave a beige solid; mp 110.4-111.7 °C. 
IR (Nujol
4¢¢-Fluorophenyl-4-(2¢-thienyl)-4-oxobutanamide (1l)
4¢¢-Chlorophenyl-4-(2¢-thienyl)-4-oxobutanamide (1o)
4¢¢-Cyanophenyl-4-(2¢-thienyl)-4-oxobutanamide (1v)
The pure amide precipitated as a brown solid after addition of acetone to the crude mixture. Evaporation of the filtrate under reduce pressure gave the crude amide which was submitted to flash chromathography [Et 2 O-PE (3:7 → 1:0) and EtOAc-PE (5:5)] to give more pure amide as a colorless solid; global yield: 31%; mp 206. 9 
Reaction of Amides 1a-v with Lawesson's Reagent (LR); General Procedure
A mixture of the Lawesson reagent (0.93 g, 2.30 mmol) and the amides 1a-v (2.30 mmol) was heated at reflux in toluene (12 mL) for the time indicated in Table 2 . The mixture was cooled and the solvent was evaporated under reduced pressure to give the crude mixture of aryl pyrroles 2 and/or bithiophenes 3, which was purified by flash chromatography on silica gel with increasing amounts of Et 2 O in PE as eluent.
1-Phenyl-2-(2¢-thienyl)pyrrole (2a) and 5-Anilino-2,2¢-bithiophene (3a)
Treatment of amide 1a with Lawesson's reagent gave a mixture of 1-phenyl-2-(2¢-thienyl)pyrrole (2a) and 5-anilino-2,2¢-bithiophene (3a). The first component eluted was 1-phenyl-2-(2¢-thienyl)pyrrole (2a) as a beige solid (yield: 58%); mp 96. 4 
1-Naphthyl-2-(2¢-thienyl)pyrrole (2b)
Treatment of amide 1b with Lawesson's reagent gave the crude 1naphthyl-2-(2¢-thienyl)pyrrole (2b) which was purified by flash chromatography; green solid (yield: 55%); mp 111. 8 3098, 2925, 1599, 1565, 1504, 1428, 1404, 1349, 1328,  1310, 1279, 1249, 1235, 1208, 1188, 1179, 1161, 1084, 1021, 981 ): 3104, 3072, 2999, 2937, 1506, 1417, 1365, 1340, 1297,  1266, 1243, 1230, 1180, 1164, 1127, 1063, 1006, 953, 944, 852,  836, 769, 715 IR (liquid film): 3104, 3071, 2957, 2925, 2858, 1605, 1583, 1497, 1463, 1430, 1405, 1382, 1348, 1326, 1309, 1279, 1227, 1212, 1200, 1168, 1091, 1081, 1014, 917, 844, 823, 766, 715 , 692, 616 cm -1 . 1 IR (liquid film): 3399 (NH), 3105, 3069, 2958, 2924, 2854, 1606, 1586, 1521, 1498, 1467, 1446, 1382, 1294, 1260, 1241, 1199, 1159, 1109, 1079, 1048, 836, 778 
1-(2¢¢-Methoxyphenyl)-2-(2¢-thienyl)pyrrole (2c) and 5-(2¢¢-Methoxyanilino)-2,2¢-bithiophene (3c)
IR (Nujol
